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Description 


preferably substantially uniform sut and ooroaitv th«ui ' " VI T, ,r * ln *• ,on " of spheres of 
operative p»lfcS?Si2r" ' ° 0nWo,,aWe * «*"*9 "» 
~^-^- We i kn ° Wn current or 9 anic P 0 ^ 4 filtrating materials usable in ael adsomtion 

Now, for efficient chromatography separation as well as for the selective adsomtion «f h;~*_i...i 
(enzymes calls, hormones, lectins and other.) low deformation ™S VrTSded Srahil ^ 

weJI^rZ^!^?"^' bMd ' have developed *>' *'» P«Wtw mainly .Mica beads with relatively 
~" ST 1 °" o< SUton .Ikotftt. into llSiZlto^ „k5S3» oSSiS 

vSHH^SS^ !S? VW * d * *• 0ffleW SMreh ara K** 0 * h«reunder: 
rxJtL. lh^^.!H .^r^ * T**?* 1 produdn fl ceremWbrming metal hydroxide and oxide 
IS? ^^^5-S™ <, f ar T: i 2 aW ' ,intafln « ind d8Mifvi "0 characteristics byhydroryang severe! 

^SL^i** U ^ nB i ,ff,re ? t amount » »' calcining and sintering uid hydr^yzed 
ZXZSZ^IZ ° m< ? 1 ^ P 0 ^' ,nd meawring the danshyof said semptasrf 

•aidr^TOdete obtain the relationship between said density and the water-alkoxide ratio. TheTbv 

^^^^^f^^^^^ Mid • lk ^ d « *th the amoL of^JT which 
^TS^^^^.^ d8fl ! i 2 r 10 fafm Mid m€t " hydroxid * ««d drying u id metal hydroxide 
n^^l^Z^t rjT TJ^'J^^-f!^ * P*^" hasting said 

^LrJ!^« « f ^!l.^.? n Mid fnet * 1 owd * " owd « f d*n then be performed, 
said ^^^SSrJ^S? * " Wh0d ^ Dr ^ rin fl ■ """"e material comprising • metal oxide, 
2S,T.^2f iSTC^J b fi milliR ? • m «« 0>d *» Powder end sintering said metal oxide powder. The 

rSSdl.^ " W """""B within a determined pH rangemat 

"^jn^diapersion °* m8t "' oxide powder within the slurry. 

for m.lS!LS^^^V^ R,F^ J Ua, P0LYMERE2 « < W1L 148-152 (3) disCo*. a method 
Z^^IZ^^^Z^^ *?°"t in * ,0 *'« m «*od. • mother solution is prepared from silica 
etnoxide, diluted N7100 hydnfchoric add and alcohol; then after a preliminary hydrolysis has taken place. 


so 
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the solution is heated t 120* t drive off volatile* and there is btalned a solution ( f oligomers) in which 
1.4 ethoxy groups per Si atom have been split This solution is stable and reproducible. It was converted, 
immediately afterwards, into beads by adding it under violent stirring to an ethanol-water solution 
activated with N/10 HQ. After agitating several hours at 70*C, the beads were boiled with diluted HQ 
5 thoroughly washed with water, predried in air and finally dried at 120*C Depending on preparation 
parameters a full range of beads of size from 10 um to 1 mm were obtained. Typical bead properties (very 
briefly summarized) were: distribution of preferred size in classified fraction: 90%; structure density 2 04 
g/ml; porosity 0473; specific area 682 m*/g {BET); volume of pores: 0.29 ml/g; average pore diameter 20 A; 
etc. ... 

to US— A— 3 922 333 (4) discloses the preparation of mullite powder by boiling a mixture of aluminium 
and silicon isopropoxides in isopropanol in the presence of ammonium hydroxide. The powder can be 
thereafter sinhered by hot pressing into objects of near theoretical density usable as catalyst bases. 

US— A— 3 887 692 (5) discloses the preparation of spheroids of aluminium halo-hydroxides as an 
antiperspirant component. One useful dispersion technique, i.e. the discharging of very fine droplets of a 

ts basic aluminum halide solution into the vortex of an Insolubilisation dlspersant medium is detailed in this 
reference. 

Although some of the above references provide porous glass structures suitable in some cases for 
making filtration, they did not disclose regular spherical beads of substantially uniform size and controlled 
pore size snd distribution. The beads of the present invention, as defined in claim 1, enable to fill this gap. 

20 For making the beads of the invention, there is first provided a mother solution containing silicon 
alkoxides, zirconium alcoxide and, optionally, other metal alkoxides in the presence of a water-soluble 
solvent e,g. alcohol, water and, possibly, an amount of acid or basic catalyst The mother solution is 
formed into microdroplets by any conventional means, e.g. pulverization, spraying, atomization or 
dispersion after which the droplets are contacted with a hydrolyzing and gelling solution whereby they are 

25 converted into porous metaloxane homogeneous microsphere by hydrolysis and self-condensation 
according to the principle of the sol-gel techniques. 

A particularly suitable method for making the beads of the invention involves the following steps: a 
solution of silicon alkoxide, preferably silicon tetraethoxide is first made containing one or more lower 
alcohols (for instance thanol, isopropanol, amyl alcohol, butanol and others), zirconium alkoxide and a 

30 basic or add catalyst such as ammonia or an organic amine or HQ or another mineral acid. Then the 
solution is converted to microdroplets, for instance by atomization or by adding it dropwise to a gelling 
aqueous solution stirred sufficiently to provide a homogeneous dispersion of microspheres of a few 
microns to several hundreds of microns. Depending on the case, such amine catalyst can be added to the 
solution of metal alkoxides and/or to the gelling solution. The stirring is carried out a time sufficient t 

33 enable the microspheres to hydrolyze and the aikoxides contained therein to harden by gellation and self- 
condensation to provide a spherical structure sufficiently rigid to be manipulated without collapsing. Then 
the beads are isolated by usual means, decanting, filtration, centrifugation, solvent exchange and 
subsequent rotoevaporation under partial vacuum, etc, and they are dried and heat treated to ensure full 
hardening of the structure. 

4o The alkoxides solution need not be limited to silicon and zirconium but other metal alkoxides or 
organic chelates can be added (such as for instance titanium and aluminum alkoxides or aluminium 
complex acetyl acetates or acetylacetonates) so as to obtain further composite metaloxane structures. It is 
indeed known that composite metal oxides including silica and other refractory oxides such as Al,0* 
zirconia end tftania provide better resistance to alkali than pure SiO,. Therefore, in the present invention, 

49 composite metaloxane beads containing oxides of Si, 2s, Al and Ti have been made end shown to be 
particularly resistant to strong alkaline solutions. The term "homogeneous metaloxane structure" used 
here refers to polymeric metal-oxygene network structures In which the various metals are 
rtotnc^emously distributed on the molecular scale, this being in contrast with prior art structure which 
rathe/ involve) mixtures of metal oxides on the agglomerate scale of severs! Angrstroem or more. This is an 

so MraneJy valuable characteristic for the filtration of high pH solutions* 

The aqueous medium (called gelling medium) In which the alkoxide solution is added dropwise under 
dispersing conditions can be water or an acidic or basic aqueous solution. The rate of gellation of the 
droplets will naturally depend on the concentration of the edd or basic catalysts therein and also on the 
amount of add or base in the gelling end dispersing solution. Too much catalyst will provide rates that may 

59 be too fast to ensure nice homogeneous sphere formation but too little catalyst may be insuffident to 
provide positive hardening end the formation of a self-sustaining structure; therefore the correct smount of 
catalyst is between these two extremes snd shall be selected by practitioners according to their neede; 
actually using a total of about 0.01 to 1 mole of catalyst per total molar amount of alkoxide is suitable in the 
present Invention. The preferred catalysts are Ha or ammonia or triethanotamine. When add is used as a 

so catalyst diluted HO ia preferred. Organic amines should be water soluble and indude, for instance, 
triethvtaminc, pyridln , pyrrole m rpholine, and other like aliphatic and heterocydle amines. In addition, 
by varying the catalyst concentrations, the total pore volume and structure can be accordingly altered. For 
instance, using ammonia as the catalyst in general the pore size increases with the catalyst concentration. 
The dispersion phase is preferably agitated under rotation such as t provide a liquid vortex si ping 

£9 down toward the center of the container: f r achieving this, vertical blade stirrers r propeller stirrers are 
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adequate, rotttins fab ut200t 1000 rpm being convenient; whan adding the organic flailing solution 
<topw.se to the dispersant solution, tha former is preferably dispersed by gravity o by spr^T(by mean? 
of a noal.) « that the delivered liquid hit. the .loping edge, of the dl^rsinj phase uX mtttioT 
„,*£,J? F ''""'^.^fenbed above are not very stable per se and. consequently, they must be 
subjected to dispersion m the aqueous phase quite readily after their preparation. Other types of alkoxide 
solut.on (precurwr liquids) also usable as mother-solution. sre quite liable orVwora^Tand cin be 
Z2SEJ?JE?" ?• »! to>dd « » ""<«n»o partis uuJSSlSdX anS 

t^ jL^ ™u **-, L" 0fdar ,0 ach,av ' P^Po'vmerbation. a small amount of water is added 

getter w.th a Mttlyst (theeatarvsts are still the same as disclosed before, pnjferably mineral addsl and a 
^^' y *» of ,. Ul9 « allowed to proceed for a limited period. It i. important to not. KJ 

elkoxides of the other metals. Thus, a solution is first prepared containing the silicon alkoxide. a solvent, an 
amount of water and the catalyst; then it is heated for prehydrolyzing the silicon compound and "welter 
after cooling, the other alkoxidea of Zr. and optionally AJ J* Ti sr. ,ddad "Tata SSS' 
^^■ SUMUation «• by .limlnating tha water, excess of tntSSJ^^J^SSSi 

sohrents by evaporation at temperatures of the order of 60 to 1S0T under ambient pressure or under 
reduced pressue. During this elimination of the volatile components of the mixture, the viscosity 
measured at room temperature) significantly rises and the oligomerized "metaloxane-alkoxide" solution 
SS^eTEJW 2 0r "!2. *! able (8av,f8 ' WMte to tMnl montn » for *o>ution having viscositites of the 
5 ,2 0 . 5 L CS,, • N r ,rthe f"' sueh *»«■«• «* w « «""t»ons can be used any time fonhe d^perston 
r^itim 1° •d««"V "cedent result.; however, in general, the concentration of th7a?kaH 
catalyst, inthe water dispesiye phase is preferably increased with such precursor solutions a. compared to 
the cases when using the gelling solutions; the use of about 10 to 100% molar quantities of concemrned 

» Z^1 lmi ™ t0 al !» , ? id ?."> 06 (to be added to the water ph.,. A oJfSSSS 

28 therein of the precursor solution) is preferred. • wupwwng 

. •"•*>'• eloser control of the bead size snd the beed porosity (volume and size of pores per weight of 
beads), water insoluble solvents can be added to the precursor solution before dispersion; solventeiu* ae 
petroleum ether or cydohexane are convenient the proportion, thereof, relative to the precursor solution 
« to 1 :5 by weight The function of such water insoluble solvents is presumably to aid in 

« h «p in « 1 and «eparation from tha aqueous phase and to control the leaching from the droplets of 
hydrosoluble solvents (alcohols) by the water phase, the formation and size of pores depending on Senj» 

beads. Furthermore, different prehydrolysis and salfoligomerization conditions furnish differently stable 
precursors and. in turn, different porosities. 

M heJn 0 °tem-^ P X e « e ,5S? aninfl ,° fth !! ePa /! t8d and dried D8Bd »' thermal treatments, for instance 
heating from about 400 to 1200* in air for about 1 hour to S hours or in an inert gas. can be applied. In 
pwforming sueh treatment the temperature should preferably be raised carefully to avoid bead breaking 
n2!!T a i P 2!" U Z "21 'l 0 *"!?' twnp-nKure risea of about 1 to lOT/min are convenient It should be 
Zn^JL^J^ 9 ** •* r *"««taned technique Is apparently similar to that disclosed by 

40 KOHLSCHUETTER et el.. (Kolloid Zeitschr. & Zeitschr. fuer Polymer. 24J (1 971 ). 148-1 52) with reference to 
the preparation of porous silica beads. However, this author only uses water-alcohol gelling solutions and 
HO as gelation catalyst Furthermore. KOHLSCHUETTER doe. not disclose homogeneous metaloxane 

f^S^'^^% m ? tt i5 M f d 5 ,ilic " "•"<* *e capacity of the beads in use 

for afflnftycnromatography in high pH media as compared with the beads of the present invention. 

** e_o7!?rt2I?£!I! 5 d,B i? u# invotvM mucn h«er reactions than that reported by KOHLSCHUETTER, i.e. 
6-e ftrs at Including the requirement that the beads must be strengthened by boiling in hydrochloric 
acta before separation from the reaction medium. 

rMuM "fl frorn *• present process have good aphericity and a diameter which can bo 
comprised between approximately 5 and 500 um depending on the conditions. By appropriate sieving of 

" SVSS^SH Umo1 ^^t ml »i bf uniform ,im ±20% *• ™9« ^meteO can be obtained 
in yieMs often in the range of 80%. The achievable porosity is in the range of 100 to 600 mVg and is 
controllable to some extent by a) adjusting tha operative condition, and the solution concentrations and b) 
amplifying pore size by alkaline solution treatment For this, the beads are preferably boiled in an aqueoua 
or aquo-alcoho«e solution of sodium hydroxide for a time sufficient to leach-out part of the material of the 

ss beads Intarrudsurfacs with consecutive enlevement of the pore size. Normslh/, pore size of 2 to 600 nm are 
achievable in this invention. Aiso the volume of the pores can be between 02 emVg and 4 cm'/g. 

Furthermore, the external surface of the present beads is extremely smooth and the dry beads sre 
exceptionally easily free flowing. For instance, if poured dry by gravity In a glass tube (for instance a tube 
with aninwmaJ diameter not exceeding about 10 times the beads diameter), they slide so freely one over 

" aitainSuZ ^""^ they will occupy ia practically the minimum possible volume theoretically 

For using the beads for chromatographic separations, a solution of homogeneoualy dissolved species 
tobe separated is poured over a column filled with the beads of the invention and then elution ia brought 
^ events of progressively changing polarity. Naturally, provided that appropriate derivalizatlon 
a oi me beads is effected, the latter are suitable for chromatography by ion exchange or ligand exchange. 
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^7!li* CC * f0ma ? graphy, reversad phase chromatography and others. The beads f the invention are 
up 5 ? ™ • ™ elected in the 5-10 urn range or below and property derivatized as usual in the field of 
nru. wign performance liquid chromatography) and related techniques, 
The following Examples illustrate the invention in further details, 

s 

Example 1 

A solution of silicon, zirconium, aluminum and titanium alkoxides (g -A) waa prepared by mixino 
together the following partial solutions: oy mixing 

i) 9 g of Si(0Et)« in 33 g of tertamvlalcohol (t AmOH) and 0.65 g of a 1 N HO n-butanol (BuOH) 
io solution. 

fi) 3.8 g of Zrt0iPr) 4 x 1.6 IPrOH in U g of t AmOH 
Hi) 4.6 g of di-sec BuAl acetoacetate <AJ chelate) in 1.7 g of tAmOH 
iv} 2.8 g of Ti(0iPr) 4 and 3 g of triethanolamlne (TEA) In 2.5 g of LAmOH, 

Solution g4-A was heated for 15 min at 60*C (with condenser fitted on the flask) and, after cooling it 
was diluted with 14,4 g of the following solution (v) containing b.w. BuOH 50% (7.2 g) # EtOH 40% (5 76 g) 

*1 ,0 J? % (1,44 m * • 0,ution **• <««persed immediately into water at room temperature according t ' 
the following procedure: w 

In a 50 ml beaker. 20 ml of pure water wea rotated with a vertical blade stirrer until it formed a well 
defined vortex tapenng toward the center with sides sloping at an angle of approximately 30-^5" (about 
300 rpm). The solution g 4-A (5, 10 or 20 ml depending on the run) was added dropwise, the drops failing 

whfch gelled rapidly; after 15 mm stirring, the beads were filtered out and dried In an oven (air drvina) at 
95TQ. The size of the spheres waa substantially uniform (about 100 urn) and the shape did not change 
significantly efter heating to 850X in air. The oxide composition of the spheres corresponded to 
25 Wroxirnatery(by weight %); 50 SiO* 20 ZrO* 15 Al^ 15 TO* Efficient filtrating beads w7reach!2ved 
u i 8 ^,^ 8 wh,ch w,thstood solutions with pH up to 13 without noticeable deterioration. 

If In this Example the LAmOH is replaced by n.BuOH the same results are observed, the obtained 
spheres being however slightly smaller. ^ 

20 Example 2 

to ™J? n#r , of pi ^ vioui E*« m Pl« 1. • aolutlon identical with g 4-A waa prepared except for th 
?™25?? f ^ 8 ?1*° H tnd 357 0 of n -BuOH instead of the quantities given previously; this solution was 
identified as g4— 20%. 

The dispersion into water was done exactly as in the previous example (10 ml of g4-20% in 40 ml H,0 
35 agftated at 350 rpm); but after e few minutes, 10 ml of 0.1 N aqueous NH 4 OH were further added. Nice solid 
spheres were obtained which, after drying, were stable up to 600*C When ammonia waa replaced by an 
equivalent solution of TEA, the same results were obtained. With more concentrated ammonia (1 N or 2 N) 
most of the spheres were destroyed. 

The size of the spheres could be modified by adding 1-2% b.w. surfactants to the dispersing water. 
40 «r instance, using pdyc^ethylene-sorbitan monotaurate (TWEEN 20) or sodium dodecytsuifate (SOS) 
gave much smaller spheres (20—60 urn) than polyvinylaloohoJ (PVA) 1.5%; spheres 60—130 urn. 
*>rytrthylene glycol (PEG 400; 1%) gave 30-80 urn spheres. ^ 

Surface area of ttte beads was measured according to the known BET technique (see "Adsorption, 
~^!^^522?yr Ed. by S. L Gregg & K. S. W. Sing; 1982, Academic Pre*. N.Y.). 

49 ^ . r«?n SI^^™ hiflh arM an,,yzar *»• determining pores 

sizes a CARLO EABA Model AG/65 porosimeter was used according to usual means. For making the 
measurement s, spheres wfth sizes in the 50 urn range were selected. The beads resulting from the 
compositions of the present example had a porosity of about 290 rrrVg after heating for 4 hours at 140*C. 
^P^T^^rmmi to about 80-100 m«/g after 1.5 hours at 350X. The beads of example 1 had a 

so porosity of 200 mVg after 0X5 hour at 550*C All the pores were about 10 nm in size. 

Example 3 

, Trt* following elkoxfde solutions (G1 , G2 and G3) were prepared using the procedure of Example 1, i.e. 
mixing first the four partial solutions detailed below and then finally adding the last one (5), the Ingredients 
sa used being listed below: 


a 

5 


Ingredients 
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G1A QJ G2 G3A G3B 


5 

t.AmOH 

20 

20 

20 

12 

12 


Si(OEt). 
4 

34.06 

34.06 



3Z.B 

to 

NH 4 0H 1 N in BuOH 


1.48 



1.46 

HQ 1 N in BuOH 

1.48 


1.2 

1.46 

— 

is 

t.AmOH 

4 

4 

8 

1.6 

1.6 

2r(0iPr) 4 x 1.6 iPrOH 

5.94 

5.94 

19.88 

1.9 

1.9 

30 

t.AmOH 




1.2 

1.2 


Al chelate 




3.3 

3.3 

2* 

t.AmOH 




1.8 

1.8 


Ti(01Pr) 4 




1.98 

1.98 


TEA 

6 

6 

20 

2 

2 

JO 









3.26 

3.26 

2.84 

3.26 

3.26 


EtOH 

S4.0 

54.0 

47.0 

60.2 

60.2 

a* 

a- BuOH 

53.26 

53.26 

42.96 

58.8 

58.8 


Cydohexane 

18.0 

18.0 

18.0 

17.6 

17.6 


40 


h^^J^^yJ^ solution, into water then adding NH.OH as in Example 2 to catalyee the 
m/droryaia of ttw droplets, iprraras ware obtained which went collected and dried aa indicated in *! 

2W S aSKSSThS £?ElS?£ S,< J?," nd M * ^ ^ f™rn G3 were 85%. SO* 5% 

Ex*mpJ# 4 

(oa^rSriS Klf 0 ^^ !i"2. n "? " -, ?? nium • JtoxW « Wnd » follows: a mixture of 50 g 
^ISS^tSSSt m&V?Tt 4 ^ 9 0f ^ « »* of s 1 N HCUethanol 

£2™*!! * 60 "f*/? r , 3< ' min; rt WM «»••<» down to 12JC and 8.73 g of the zirconium 
ZZSEtilESEZ?" " "W? 11 addid u "d" iry conditions (glovJbox). -nmZtS 
wesso^ for 30 mta end progressively heeted. Volatilet stsrtsd to distill off at about 8TC and. when at 

I^O^JS«^!ti m to cool. Tha mcosity. —sured at room t^peratur. with an 

rr^^^^^^ m ^ w»« 3 ml tAmOH and 3 ml cydohexane and added dropwiae at 

rrt of 5«S^^S*l , ° ,U,ton dlsp *? ed *e weter-surfactant solution and. after e few mini 
2 mfa^ TESZlEEaX?? T mo I! ,a . ad ** » *• hydrolysis of the alkoxldee. After 

hL»? ETf^L^ m, ., of 2* nlcal ,lcoho1 (4% HtO) were added end. after resting for some time (2-3 

Sr*A^, n f*^^ ntM S! a a1to, tMln * • 100 • tn " , ° l Portion, the diapersi n was 
SKS^ui «S2S aP fi r,tU ** nd 9v, P° r « ,8d « «W1fl Ton- (13333.22 Pa) for 1-2 hours. A w II 
dried lot (GM) of freo-rolllngtale spheres about 200— 400 urn waa thus obtained. 

■ « 
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a Example 5 

Precursor alkoxide solutions (PG1-6; PG3-e; PG3<- PG4-hl *,*r» ^ . 

mgredienn listed below (in a)- and obsarvina th« «™ ^t^i ?™ pared °V mixin 0 together the 
example. i A edding the eactlve & * anoT^T prec8ut,0 "« "Seated 'or PGLa in the prevoius 


Si(0Et) 4 

PQ-b 

P63-« 

PG3-c 

PG4-b 

500 (2.4 sole) 

400 

500 

250 

Etoa 

136.3 

109 

136.3 

68.2 

HQ 0.1 N 




la EtOH 

18.7 

14.96 

18.7 

9.4 


38.9 

34.56 

43.2 

21.6 

Zr(0iPr> 4 

87.27 

23.26 

29.8 

98.9 

TKOlPr). 


19.37 

24.2 

61.8 

Al( chelate) 


40.22 

50.3 

128.3 


ni ^°"° d *^°" int0 aqueous systems, the above viscous solutions were diluted with the solvents 
tHM0W In *• PwPOtlone given in ml. Then the diluted solution^r? suMected to 


dilution 

PQ-b 

PQ-b 

P63-S 

PG3-C 

P64-b 


45 

45 

60 

45 

45 

t.taOH 

22.5 

22.5 

40 

22.5 

22.5 

Cyelohexane 

7.5 

7.5 


7.5 

7.5 

Dispersion 





ho 

668 

668 

495 

668 

668 

TUBS 20 




7.5 

7.5 

PES 400 

7.5 

7.5 

5 



EtflH 

75 

75 


75 

75 

Tlaa (sin) 

5 

5 

3 

5 

5 


520 

520 

750 

400 

400 

HB 4 0B (25%) 

30 

30 

60 

30 

30 

bead sis* (u) 

100-170 

100-250 

UOO 

<170 

<120 

Sufi* 






identification 

Q-5 

Q-* 

G3-1 

G3-6 

G4-2 


. ^"Pf* G tll^ *« the range 100 to 170 urn end 60% In the range lower then 100 urn 

mtt is also noted that the addition of eydohexane to the precursor solutions resulted In larger beads than 
"J^wol^no. The surface area of the beads were in the range 200—600 mVg and the estimated 
pore volume about 0.1 toto.65 cm'/g. 
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, . Example 6 

Chemical modfflcatt n f porosity 

Sample GM of Example 4 (initial surface are dose to 550 m»/g) was first hardened at 220* in «,> th-n it 

teJn££?JX E - r°. ,ed Undar VaCUUm ,0 2<rC and «««« W» £K rt"r£ 

the pressure) with 70 ml of a 1 :1 mixture of EtOH and 0.1 N aqueous NaOH. The be^swere w!» «S £2 

f ° r » T' n ; V*™* ***** EtOH. once with acetone and dried 

h^for 1 hour « 550- for , hour. The .urfac .re. had fl on 8 up to 768 ^Sl^^^ Zl" 

ml pure' ISg&ISiX " eXP6rianC8d Wh6n anaUn * «**» — «■*— by . mixture of 5 

H-.f!! e 2 m m,cr °B"|P n « » f *• «Ph««« *how«d that the microstructure corresponds to a hiah ax-Una 
density of very small spheres in contrast with control CPG beads (orioTart S-rVJ.^ 8 ^ 
separated phase and leached stouctur. (91 m'/g); pore aizeTsW *aracur«ed by typ.cal 

reduStaS SiSSV 1 "^ "1 M Mmpl9 G3 " 1 but under milder condition, to 

reduce bead breaking. The alkaline solution treatment was effected (with no n ri»r Ho~.JTi--._l 
«mng) at «TC for 3 hour, and took place a first time after hardens £Sx 'aSd a sSndTm- -fL - 
aecond hardening at SOOt Then a final heat treatment at 5WC wesl^enTna rJLi^ ^ 


Initial surface Final surface area 

§anplfi mrmm I « Ppr "»-'"»»*} (after treatment at SBO'C) 

CL-5 500-550 429 

Q-6 " 434 

G3-6 525 512 

G4-2 


40 


The above-described bead samples were analyzed by Electron Oispersion Spectroscopy according to 
usual means. The results confirmed that the proportion of the various oxides in the samples are as follows: 


Oxide content in weight % 


so 

Q-5 

SiOj 

2r0 2 

M 2°3 

Ti0 2 


85 

15 



G3-6 

85 

5 

5 

5 

SB 

64-2 

50 

20 

15 

15 


Example 7 

Samples of lots G1-5, G1-3, G3-6 and G4-2 (heat treated at 580*0 were subjected to 2 hours chemical 
so stability tests under actd and alkaline reflux conditions. 

The add test conditions were as follows: 50 mg of beads boiled with a mixture of 15 ml aqueous HQ 1 
« .TlJIS ua ?! J \ HN0 » 1 Ntnd30ml *OH. to' the *"<aJine test, a mixture of 35 ml aqueous 1 N NaOH and 
jf m [ pHISUwas used. After cooling, the beads were filtered out and the filtrate waa analyzed for 
dissolved Si, Tl and AL A sample of CPG-3000, a commercial filtration materia) was tested identically for 
a comparison purposes. The results are summarized below: 
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sample 
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Acid teat 

weioht ii^v^i^ Total f raetiQn 

specific Si0 2 Ii0 2 Al^ dissolved over specific 
area 
<a2 /g) 


area 


10 



Gl-5 

429 

4.62 

0.17 

2.23 

1$ 

Gl-6 . 

434 

3.47 

0.06 

1.63 


G3-6 

512 

3.08 

2.20 1.13 

2.50 

20 

64-2 


0.92 

0.06 


CPG-3000 

7.B 

0.77 


19.74 

23 



Basic test 



Gl-5 

429 

22.66 


12.4 

30 

Q-6 

434 

19.62 


9.0 


G3-6 

512 

6.74 


2.6 


G4-2 " 


7.04 



& 

CPG-3000 

7.8 

49.12 


1260 


^11^1!. re * U . lt V h . OW . th * t b « a<te ^""'"'"fl »imultaneouely Si, Zr, Ti and Al are much mora 
He tfwn the control; tor instance, in the alkali tan, the control sample (CPG-3000) nearly dissolved 


■*> comptetah/, 

Example 8 

^^^^^^^ n ^^ Tnn * (6 , mm . <* ,ibr «* «>•"» of about S ml volume wera loaded 
45 ^^f.L .V^* ?* mp{ * F ° f *• *• •«*•"• <«^«d with watar) 

^ '^ d * CJn, ! ti0n - *• ,Jurrie « transferred to tho column* and washed 
^^■itffii,^ .r* ,* ^ » wh,eh *• bo " 8 «" <* column wa. connected for 

LaS^U? "^A? *"? dirt,,,d wW or »•« M phosphate buffered 

- S5?\ W 7 S ' eom,Wn fl v/v «odfum dodaeyl sulfate (SOS). The substrates to be separated 
2£Zk^??TJi b T l ? ^ and B,u « d «*»"> »«• 'nj^ted at top of the colurnn rnTof Sn 

%%X^%"JSL£ elu,ed *• ph ~- *« - -'^ 

h,»Jl£T^J!J!£E"2 b i ow '" t « rm «o f volume of eluate (ml) In the successive fractions and. in 
oraci^ the yield of the alutad substance. The comrola wera eommerdaJ CPG-10 SiO. (170 A) beads and 
» aaphadex 675 (an organic poroua medium). 
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Substances to h MM r.t»< 
Bead,; Eluent Phenol . HSA Blue dertan 

sample 


to 


Q-5 


4.7 (100) 

2.9 (85) 


Q-S 

PBS 

5.1 (87) 

2.8S (98) 

2.8 (100) 

HjO 

5.3 (100) 

3.3 (98) 

2.95 (95) 

G3-6 

HjO 

4.25 (98) 

2.8 (92) 

2.7 (100) 

G4-2 

HjO 

2.55 (100) 

2.25 (100) 


CPG-10 

HjO 

5.35 (89) 

3.5 (38.5) 

3.4 (100) 


PBS 

5.35 (100) 

3.6 (99) 

3.25 (100) 

Sephadex 

H 2 0 

7.0 (100) 

2.9 (97) 

2.6 (100) 


«Z% ltlSa3S? 9r ° UPinfl « §UCh M 0H ' SH ' «*■* >*>W« "Iran. 


35 h^! 0 ^^!!!? 1 0r 9 '**» filtratin 0 bead, of substantially uniform sphsrical shape characterind in 

»oTn?^ 

in tht rSX^ B lo1uW/ B ! ,Cta,m 1 h ^-^ n ^*«WO«to600u m .nd.« irf ae.ar.a 

~ ^m^^^flSU £3? P °~ 9n ' afB9d * "™ *• - ™»* of 
tl^SSS^^L^V 1 within ±20% of the average diameter ste. 

whoL^l!^ S ~Zl£S? • U k ^ C *,T.?° thnW » " •«* tfwtwhan poured by gravity dry^nto. tuba 

S°e^Sc^^b<r ^ ^ COrrespond » P'«*«"Y to the minimum v*u% 

ti t^E^^^!!* ^ P 0 !^, 9l«« baada of daim 1 comprising the step* of 
M . * • mo ** «*•«•»" of SI and 2r alkeoddea and poniWy on. other metal alkoxide of 7! and 

* 2 HIm ITS * C !^. 0n il t ° microdr °P'«» °y usual meana. a.g. atomization or dispersion- 

bv tS^SSZ^^^t rf 8 8eMln8 the mi£odroplets wilt be ££ert* 

ZSH^A t * t < on *™»*oo into porous microsphere bead* with a homogeneoua metaloxane 

d) iaolatlng said beads and drying. 
a 7. Tho method of daim 6. comprising tha steps of: 

aliphVtteSSS;" m ° th " r "° ,Uti0n * * ,nd * ,lkoxid " in « »*v"t. for inmnce a lower 

■ufttell^^'S^^J^^^^ in "N* • 0,uti0 ° (a > o^wble and stirring thia liquid phase 
m ""^ftS" ^ 'J," !!r^i'L t0 dr ° p,,t » 01 uniform .» when *d.d to (b); 

.ItoSdIft^,*l?i.L^ ■J? • Uffletam 10 DrovWa " id °"">P"» «nd effecting the hydrolysis of the 

<tnj d)j^ng^be^ from the liquid phaao and drying to achieve the desired poroua mixed oxide 
0 a The method of daim 7. wherein the mftner solution (a) further contains titanium and aluminum in 
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the foim of hydrolysable organic compound*, the resulting beads containing mixed oxides of Si, Zr, Ti and 

a The method of daim 7. wherein the water soluble solvents in the mother solution (a) comprise 
ethanol. propanol, isopropanol, n-butanoi, tert-butanol, iso-emyl alcohol and n-amylatcohol. 
5 aotatou m * thod 0f daim 7 ' Wh ^ ein '^ uid P h «« <*i»Persant is a neutral acidic or alkaline water 

11. The method of daim 7, wherein the stirring of said diapersant liquid ia effected so aa to rotate said 
liquid and provide therein a vortex with edges sloping toward the center. 

u l^L^T 9 * 0 ? 01 dalm 7 ' vvnerein hydrolysis of step (c) is due to water penetrating into said 
to droplets and hydroryzing said alkoxides into corresponding hydroxides. 

jaThe method of daim 12, wherein said gelation of the material of the droplets ia due to seJf- 
. condensation of said metal hydroxides into corresponding metaloxane structures. 

14. The method of daim 7, wherein said hydro Jyais of the alkoxides ia catalyzed by adds or bases 
incorporated In the mother solution (a) and/or the dispersant phase <b). 
15 _ 15.The method of daim 7, wherein the mother solution (a) is first subjected to prehydrotysis to convert 
the alkoxides into soluble oligomers before undertaking step (b). 

1 & The method of daim 1 5, wherein said prehydrolysia is effected by adding water and a catalyst to the 
mother solution (a) and thereafter distilling off the excess of this water, the result being a mother solution 
of increased viscosity and storage stability. 
20 J 7 - T"* method of daim 16, wherein a water unsoluble solvent such as cydohexane ia added to the 
prehydroiyzed mother solution before undertaking the dispersion stage (bh 

ia The method of daim 7, wherein the dried beads are subjected to en alkaline attack to amplify 
porosity. 

^ m#thod 01 daim 7 ' wherein after drying the beads are subjected to heating between 400 and 

29 1200*C under air to achieve consolidation. 

20. A method for the separation of substances dissolved homogeneously in a solution consisting in 
passing this solution over s column filled with the beads according to daim 1 and successively aluting the 
components adsorbed on the beads with solvents of progressively changing polarity. 

21. A method for immobilizing enzymes on the beads of daim 1, comprising activating the beads 

30 surface with e compound bearing a llgand for binding enzymes, such as an alkoxysilane carrying functions 
like OH, SH, NH„ NCO oxirane and others, contacting the activated beads with selected enzyme 
preparations and isolating said beads after binding of the enzymes to the beads is effective. 

35 P * t " 0tantPrflCht 

1. PorOae Rltrierungs-Mlnerai- oder- Glaskugein im wesentJichon elnheltilcher kugeiiger GesUlt 
getomzeidmet dutch eine homogene metalloxane Struktur unter EinschfuB von Stlieonoxid und 
flrtonlwTiojdd und gegebenenfails mindestena einem weiteren MetaJIoxid ausgwfthtt aus Titan und 
Aluminium* 

40 2. PorOse Glaskugein nach Anspruch 1 mh einer mittieren GrOBe im Bereich von 5 bis 500 um und einer 
Mantaffliche im Bereich von 100 bis 600 rrrVg. 

Porfisa Glaakugein nach Anspruch 1 mit durch Aikaiibehandlung vergrfiBerten Poren mit einem 
GrOBenbereich von 2 bis 500 nm und einem Porenvoiumen von 0,2 bis 4 cm 3 /g. 

4. KugaCn nach Anspruch 1, von denen mindestena 80% im Bereich dor durchschnittlichen 
4s fr iidu na sae i g nMe einschileBkh von ±20% liegen. 

^^J^iS^J^^f^^ 1f dw » n Oberflachengiatte eine solche ist, daS sie, wenn sie unter dem 
5°^?° In **" Rohr <*wsen Durchmesser daa etwa 10fache der 

tfwcha^Wehan KugeJdurcfcrnesaergrdBe nicht Oberschreitet so frei gegeneinander gleiten, daB der 
•fanahmen. praktSsch dem thaoretisch erreichbaren Minimaivolumen entsprtcht 
so. a Verfehran zur Herstailung von porosen Glaskugein nach Anspruch 1 mit den folgenden Schritten: 
, *{ !J"*f fltn •J ntr Wutteridsung aus a- und Zr-Alkoxiden und mdgiicherweise einem anderen 
Metatlatodd von 11 und Al; 

b L t ^"*? fld * ln Mutt9fldMn Q m MIkrotrdpfchen durch ubilche Mittei, bspw. durch Zerstiubung 
oder Dispersion; 

» 4 m berOhrungbringen der Mikrotrdpfehen mit Gcilcrlftsung, wodurch die MIkrotrdpfchen im Wege der 
ItydroJyea und SeJbstkondensation In porAsa mikrokugeifdrmige Kugefn mit einer homogenen 
MetaJloxanstruktur umgewandeit warden; und 
d) tsoOeran der KOgdchen und Trocknen. 
7. Verfahren nach Anspruch 6 mit den folgenden Schritten: 

® 4 «1 Harstallen einer MutteriOsung von Sl-und Zr-Aikoxiden in einem waesorlOslichen LOeungsmitteJ, 

bsp«K. in einem niederen allphatischen Alkohol; 

W Herstaiien einer flOssigan Dispergiermrtteiphsse, in weicher die LOsung (a) disperglerbar ist, und 
ausraichendea UmrOhren dieser fiOssigen Phase, um (a) zu TrOpfchen im wesemlichen einheitlicher GrOBe 
bd Zugabe zu (b) umzufbrmen; 
ea c) Zugeban von (a) zu (b) in einer ausreichenden Mange zum Harstallen der genannten TrOpfchen und 
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gewunschtan rjorosen. M^***"^' Jar § Aluminium in d. Form von 

won Si. Zr. Tl und Al «rrth«l»n. waaaelfiabar Lflaungamittal In der Mutterldaung (a) Ethanol. 

9. Varfahran M * ,^^.|tohol und n-AmvUlkohol anhllL 

"^RSStt'SSSk ^SSA SSSXia. aapargiarmK* *. nautra*. aaur. ode, 

Rtodar in Richtung wf do ^^^^y.^S^jv,, de « Schrfttt (c) «uf dam Eindringen von Waasar in 

um dia Porowtit zu WB rt 8am. Trocknan dla Kugaln ainar Aufheixung zwiachan 400 

« Kugalobarflacha mit ainar V^J*""* ^^^^Cd «^wa Obatnimmt durch Kornktkran dar 
Altaxiailan. daa Funktionan ^^22^^ dun* laoiiaran dar Kugaln. naehdam daa 
aktiviartan Kugaln mit au^awal^Enrym^raitunoan una our*, 
BindandarErayniaandanKuoainwirfcaamlat 


^anm^ramlr^acuan M * farm. ^^^^.^^ 

^sssrir^ ^tsffsr * , '" e,,, • ^ 

^TpJJW^SU ^bin-dav^por^^U n^vandlcrfon 1. .»*« par - 

etapaasuivantaa: ^...^m- da Si at Zr at avantuailwnant. un aleoyl«» d*un autra 

on prapara una aohitlon mora d'aleoylataa ^ 
mattltalquaTlatAI; * x« mirmooutr^attaa par laa movana haWtuala. notammant par 

b) on tnwarbrma eatta aolutien mar^an mierogoutraJaoaa par »~t- 

atomiaation ou diaparaion; 
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metalloxaniqua homogene; et micro porta* tph^rique* poreusaa da structure 

.i wiv8nt «vandleatlon 8. caractarisa par laa etaoaa suivanM.. 

,o souttaJottn da uilla. prttiquamanuTfo™ 0 " qUOn a,wrt9 W * » traniforma an 

„ mJUSSSST * " " qUldt ' X ° n ,M ^ 0™ confarar „ atnjetura poraua. 

-PuJS.^ ZTo»\^ iatti ° n 7 ' daM ta *~ - "*P™on « una so.ution 

, ■oi'El^^ " * par 

11 Proeada suivant la ravandeatiw 7 "a^Jau^lwli^ h. 1 ^ •?? ,ndin • , «"tm. 
din. lesdhes goutnriettas et quj p ™£ dSSS^^f?** LI"* du * * '' 9,u " ui P*"*™ 

rJl ^y^^S^ en ajoutant da 

•fin 0-^^,^^T W ^ ? ' " ,<HJm • , * .'«„n. 

JLSJ^J^^ °" -mat ,„ pan« . „„ 

«"'o»im^*da««utloni««^^ P«««tuivattt la ravandieation 1. at 

m£'l!££Z 2" per,8 » ■*»« la ravandieation 1. Mrton laqual on 

nwtlon <^ •nryme* «uf i»il«»-d wft tch^v**. ■••«»• P«n« aprte qut la 
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